the monitoring was strong (compared with the dissipation), its efficiency was less than 50%. As a result, the feedback control could not do better than to keep the qubit state more or less in the correct half (as defined by the external clock) of the superposition track at any given time. Moreover, for about 10% of the time the transmon was found in a higher excited state than its first excited state, outside the qubit's two states altogether. But compared with the no-feedback result of complete unpredictability within several microseconds, the observed stabilization of the qubit's cycling is a big step forward in the feedback control of an individual qubit.
experiments on qubit feedback measurement and control, which would be enabled by more efficient monitoring than that achieved here. These experiments include rapid purification of a qubit 5 , tests of quantum-jump theory 6 , feedback control based on measurement back-action 7 and feedback control based on the quantum Zeno effect 8 . In the longer term, continuous feedback control of multi-qubit systems is one path to correcting quantum errors in a quantum computer. With Vijay and colleagues' experiment, solid-state physics joins quantum optics at the forefront of quantum feedback-control investigations. ■
Howard M. Wiseman is at the Centre for

GENOMICS
Resident risks
An innovative method for probing the genomes of the vast community of microorganisms that inhabit the human gut provides an alternative approach to identifying risk factors for type 2 diabetes. See Letter p.55
J U L I A O H & J U L I A A . S E G R E
T he interplay between genetics and the environment in controlling our health remains an open area of investigation. Technological advances in genome sequencing and analysis have empowered the search for the genetic determinants of human traits and diseases, but genetic variants that directly cause disease have so far been identified for only a small proportion of common diseases. For many other conditions, variants that increase disease risk are known, but the incompleteness of these associations suggests that environmental factors significantly contribute to the likelihood of development of these diseases.
A candidate source of environmental influence on disease development that is gaining increasing attention is the human micro biome -the trillions of micro organisms that inhabit our bodies. Our primary genome is in continual interaction with the combined genomes of these residents, which makes this 'meta genome' a fascinating part-environmental, part-genetic factor in human biology. On page 55 of this issue, Qin et al.
1 present an innovative method for searching the microbial metagenome for disease risk factors, using as their example type 2 diabetes, a disease that is reaching epidemic proportions in many regions across the world.
Heritability estimates for the common forms of type 2 diabetes range between 30 and 60%, suggesting that it is a complex disorder with multiple interacting genetic and environmental components. Genome-wide association studies (GWAS), which are used to investigate individuals' DNA sequences for genetic variants associated with disease, have identified variants that contribute to the development of type 2 diabetes, but these only partially explain the variation in individual risk 2, 3 . Other significant risk factors for the disease, such as obesity and diet, are also associated with an altered gut microbiome 4 , suggesting that this disease is a good candidate in which to search for risk factors associated with the human microbial metagenome.
Qin et al. surveyed the gut metagenomes (derived from stool samples) of 345 Han Chinese individuals with and without type 2 diabetes using a method called shotgun sequencing, which produces random fragments of DNA sequence from the complex mix of microbial genomes. These fragments are then assembled into larger, gene-length fragments on the basis of sequence overlap. The authors compared these larger fragments with reference genome sequences and gene-function databases to determine the proportions of different bacterial species present in the samples, and consequently the relative representation of various microbial functional and metabolic attributes. They then used these 'markers' in a similar way to how variations at specific nucleotides are used in GWAS to identify blocks of DNA sequences, and carried out a 'metagenomewide association study' (MGWAS) to identify different features of the metagenomes in people with and without the disease.
The MGWAS identified more than 42,000 gene markers associated with type 2 diabetes -a massive and unwieldy number of hits. To reduce the complexity of this gene set and to remove redundant information, Qin et al. created metagenomic linkage groups (MLGs) of genes that showed similar profiles in either the patient or the control samples, in terms of taxonomic assignment or relative abundance of the markers (Fig. 1 ). This approach addressed two major problems with current metagenomic analyses. First, analyses so far have depended on comparisons with available microbial reference sequences to assess the species and functional composition of the metagenome. Such studies are limited by the fact that many detected sequences do not map to these references, so uncharacterized or rare microbes may go undetected. But by using MLGs, rare gene regions can be associated with a larger MLG, and therefore taken into account. Second, associations based on taxonomy alone can be misleading, as gene transfer between species or variation in gene content within a species can complicate taxonomic assignments.
One of the associations with type 2 diabetes identified by Qin and colleagues was a depletion of butyrate-producing bacteria. Butyrate is a molecule used as an energy source by cells in the gut lining, but it has also been suggested to reduce inflammatory responses in the colon 5 .Consequently, a decrease in butyrate may contribute to the increased intestinal inflammation implicated in insulin resistance 5 and type 2 diabetes. Qin et al. also saw an increase in colonization by opportunistic pathogens and an enrichment in microbial genes related to oxidative-stress resistance in people with the disease; both of these changes may further contribute to the inflammatory environment.
However, before the results of this study can be accepted as providing generalizable risk factors for type 2 diabetes, further investigations will be necessary. First, obesity was not a factor in this study, which -given the link between type 2 diabetes and obesity -limits its applicability. Similarly, diet, which is known to have a strong influence on the composition of the gut microbiota 6 , must be considered in future research. Butyrate is a by-product of the metabolism of plant-based foods, but this raises a 'chicken-and-egg' question of whether individuals with type 2 diabetes have a diet lacking in these foods to begin with, leading to differences in the composition of their gut microbiomes, or whether it is the microbiota that contributes to disease development. To clarify some of these questions, it would be of great interest for future investigations to cross ethnic lines and to follow patients on controlled diets over extended periods. Furthermore, it is important to note that this study was associative rather than causal, and that controlled prospective studies are needed to better distinguish a metagenomic contribution from potentially confounding factors such as diet and obesity.
Beyond its contribution to our understanding of type 2 diabetes, this study introduced a novel approach -the application of traditional elements of GWAS to metagenomic data, and the introduction of MLGs to analyse the association of metagenomic variants with a disease. This method will be applicable to a wide range of diseases or human traits that are likely to be influenced by the microbiome. The potential interactions between human genetic variation and metagenomic variation are staggeringly complex, and we are only beginning to understand how the human genotype influences the characteristics of its resident microbiota, and how, in turn, the microbiome can influence human health.
Finally, although MGWASs have great potential to account for some of the 'missing heritability' 7 in diseases such as type 2 diabetes, this same concept also leads to questions about whether the microbiome, and its effect on human traits, is itself heritable. Infants inherit, or converge on, similar microbiota to that of their parents, through breast milk, physical contact and shared living. But the gut microbiome is also amazingly plastic, responding rapidly to such factors as dietary changes and antibiotic treatment. And so our growing understanding of the metagenome may in some cases further blur, rather than 1 studied the metagenome of the human gut -the combined genomes of the trillions of its resident microorganisms -in the search for microbial species and gene functions that are associated with type 2 diabetes. First, they identified microbial gene markers and determined the abundance of these markers in stool samples from a group of patients with type 2 diabetes and from a control group of people without the disease. The authors then clustered these markers according to their relative abundance, and assigned markers that had similar abundance profiles within either the patient or the control group to a metagenomic linkage group (MLG). In this example, MLG1 is over-represented in the patient group, MLG2 is similarly represented in patient and control groups and MLG3 is over-represented in the control group. The use of MLGs reduced the number of associations for subsequent analysis, minimized redundancy and allowed rare gene markers to be taken into account. 
Two black holes found in a star cluster
The detection of two candidate black holes in a dense system of stars in the Milky Way suggests that a larger population of such objects might be lurking in this system. See Letter p.71
he Milky Way globular cluster M22, a massive, dense star cluster containing close to a million stars, is starting to reveal its secrets. On page 71 of this issue, Strader et al.
1 present long-exposure radio images of M22, obtained by the Karl G. Jansky Very Large Array of radio antennas, showing two previously unknown sources of radio waves. The sources are candidates for 'stellar-mass' black holes, with masses 10-20 times that of the Sun. These are the first possible black holes to be detected in massive, old Milky Way star clusters such as M22. Futhermore, by virtue of the fact that two black holes were found, and were found in the cluster centre, the discovery provides insight into the dynamic evolution of the black-hole population.
Although the existence of black holes was predicted by theory almost a century ago 2 , it was only in the past three decades that observational evidence became available. Because black holes are dark, the only way to detect them is through their gravitational influence on surrounding matter. In most cases, this requires that the black hole is in a binary system with another object that is either transferring mass to the black hole (accreting), at the same time emitting a large amount of energy as X-rays, or that it is bright enough to allow measurements of its radial velocity to be made.
In the present study, however, the main evidence for the interpretation of the two new sources as black holes comes from the relationship between the observed radio emission and the X-ray emission. The radio emission from a black hole is usually attributed to radiation from jets of gas emanating from either side of a disk of gas, which is accreted from a companion star (Fig. 1) . The X-ray emission results from strong shear in the inner part of the disk and from gas turbulence, which together heat the gas to such high temperatures that it releases X-rays.
Although many of the details of the connection between the gas jet and disk remain unclear, observations 3 of accreting, stellarmass black holes led to the determination of a relationship between the X-ray and radio emissions, for low accretion rates. Thus, as X-ray luminosity decreases, the radio emission becomes increasingly dominant. Perhaps most importantly, observations 4 as well as theoretical studies 5 show that the radio-to-X-ray emission ratio increases with black-hole mass. This makes radio observations ideally suited to detect stellar-mass black holes 6 . Strader et al. argue that the fact that the two new radio sources were not detected by the Chandra X-ray satellite places an upper limit on the sources' X-ray luminosity. When combined with their radio emission, this limit yields a large minimum radio-to-X-ray ratio, corresponding to stellar-mass black holes each with 10-20 solar masses. The interpretation of the sources as two black holes is compelling, not least because further support comes from, among other independent evidence, their location close to the cluster centre. In a 'self-gravitating' stellar system (in which all the individual components are held under the combined gravity of the object as a whole) which is in thermal equilibrium, the average distance of an object from the centre is a function of its mass, with more-massive objects lying farther in. Given that the core of M22 would have reached approximate thermal equilibrium in a relatively short time (0.3 billion years) compared with the cluster's age (12 billion years), the positions of the two sources can be used to determine the masses of the black holes. Using this approach, the authors deduced that the black holes are about 15 times more massive than the Sun -which is in accord with their previous calculation of 10-20 solar masses. The detection of two accreting black holes in a globular cluster has implications for our understanding of the structure and dynamic evolution of dense stellar systems. First, there may be more than two black holes in M22, either as single entities or in binary systems in which mass accretion does not occur. Theoretical calculations 7 of the formation of binary systems composed of a black hole and a white-dwarf star in globular clusters indicate that, over a period of 10 billion years, only 2-40% of the total retained black-hole population forms black-hole-white-dwarf detected two stellar-mass black-hole candidates in a Milky Way globular cluster by analysing the systems' radio and X-ray emissions. The radio emission is associated with a jet that emanates from both sides of a disk of gas, which is attracted to the black hole from a companion star. The X-ray emission is linked to the inner part of the disk.
